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摘  要 



















D-pathway，即 B-Hδ-⋯Hδ+-N 直接结合放氢；或者 M-pathway，即通过一个金属
氢化物的中间体，进而 Mg-Hδ-…Hδ+-N 结合释放氢气。其中第一个 H2 的释放过


























Continuing to power the world from fossil fuels threatens our energy supply and 
puts enormous strains on the environment. A replacement for fossil fuels will not 
appear overnight. One promising alternative to fossil fuels is hydrogen. But, the main 
trouble in the advancement of hydrogen is the absence of a practical means for 
hydrogen storage. Currently, chemical hydrides and metal hydrides cover a central 
role owing to their high gravimetric and volumetric hydrogen content. However, the 
release hydrogen temperature and the reversible of these materials are still not 
practical means. Hence, more researches are needed to modify them. 
(1) Lithium imide (Li2NH) is a potential lightweight hydrogen storage material, 
whose structure is in hot debate. With a thorough analysis of experiment results, we 
build a new model for the low temperature structure of Li2NH. This new structure is 
in good agreement with experimental diffraction data. On contrary to previously 
proposed structures, octahedral lithium sites in this newly proposed crystal structure 
are classified into two types, labeled as LiO1 and LiO2, which are in turn associated 
with two different lithium migration mechanisms, respectively. Our simulations 
demonstrated that this model not only agrees well with the Rietveld refinement 
parameters, but also is in consistent with superionicity observed at room temperature. 
Moreover, we speculate that the high temperature structure is actually a time-averaged 
structure due to fast and dynamic lithium diffusions. 
(2) Borohydrides have been recently hightlighted as prospective new materials 
due to their high gravimetric capacities for hydrogen storage. It is, therefore, 
important to understand the underlying dehydrogenation mechanisms for further 
development of these materials. In this work, we present a systematic theoretical 
investigation on the dehydrogenation mechanisms of the Mg2(BH4)2(NH2)2 
compounds. We found that dehydrogenation takes place most likely via the 
intermolecular process, which is favorable both kinetically and thermodynamically in 
comparison with that of the intramolecular process. The dehydrogenation of 
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BH4- and the protic H in NH
2-
, followed by the formation of Mg-H and subsequent 














































图 1. 氢能经济示意图：所谓的氢能经济就是以氢气作为能量的载体 
连接初级能源和各种利用能源的终端。[4] 
 





































































并引起很大反响。其研究发现，Li3N 在 10 大气压、300°C 的条件下可
以可逆的吸放大量氢气： 
LiHLiNHHLiHNHLiHNLi 22 22223   
该可逆反应的总储氢量高达 10.5wt%。目前，该体系材料已被美国、日
本、新加坡和我国政府以及世界各大研究机构作为重点研究对象。美国
能源部在 2011、2012 年氢能和燃料电池计划年报中明确指出 Li-Mg-N
体系是最有可能实现车载可逆的储氢体系[12-13]。 
 












被认为是最具潜力的储氢材料之一[10]。AB 在低于 120°C 即可放出 6.5wt％
的氢，生成氮硼烷聚合物((NH2BH2)n, 简称 PAB)。但是其进一步放氢需
要在较高温度下进行，并在放氢过程中会伴随着材料体积膨胀以及副产
物的缺点。2008 年，熊智涛等人[11]通过添加 LiH，NaH 等碱金属氢化
物形成了一类具有较优异性能的新型储氢材料，金属氮硼烷化合物























第三章： Li2NH 是 Li-Mg-N 体系中一个重要的中间体。不管是研究氢
















间体，进而 Mg-Hδ-…Hδ+-N 结合释放氢气。其中第一个 H2 的释放过程
D-pathway 略微有利于 M-pathway，而之后 H2 的释放则以 M-pathway 为主。
整个放氢过程的决速步骤为 BH4
-的活化，该结论与实验报道 Co-B 合金可以
催化加速 Mg2(BH4)2(NH2)2 体系放氢的结论相一致。 
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